Introduction

Coherence measures
If only a single taper is used and the Fourier transforms of two tapered signals are denoted in 143 polar coordinates as A k ( f )e jφ k ( f ) and B k ( f )e jθ k ( f ) (where f denotes the frequency and k = 1, 2, …,
144
N denotes the trial number), the coherence at frequency f is defined as:
Phase coherence, also called the phase locking value (Lachaux et al., 1999 ) is defined by setting 147 amplitudes to 1.
148
Amplitude coherence is defined by setting phase difference to zero.
151
Cross-correlation between amplitudes is computed using Equation 3 but after subtracting the 152 mean amplitude across trials.
Where A mean (f) and B mean (f) are the mean amplitudes across N trials.
156
Finally, coherence with random phase is computed by
Where Φ rand is a value drawn from a uniform distribution between [-π, π]. 
175 This is simply an extension of the previous equation in two dimensions. We did not multiply by 176 σ or divide by δ 2 because these terms cancel out while computing the coherence.
Results
All analyses were done separately for each monkey and for baseline (300 ms to 100 ms before 179 stimulus presentation) and stimulus epochs (200 ms to 400 ms after stimulus presentation).
181
Amplitude correlation and its effect on coherence 182 First, we studied correlations in the phases and amplitudes of microelectrodes separated by observed that the phase coherence ( Figure 1B ) was similar to the coherence observed in Figure 1A , although phase coherence values were slightly less than coherence, which suggests that 201 amplitude co-variations might be playing a role as well.
203
To test that, we calculated the amplitude coherence by forcing the phase difference of the LFP 204 signals at each frequency to zero (Equation 3). As shown in Figure 1C , we observed that 205 amplitude coherence also followed a similar trend to that observed in coherence spectrum: both 206 fell rapidly with frequency to a settle at a constant value, both had significant bumps in the 207 gamma range when a stimulus was presented and both fell with higher inter-electrode distance.
209
Although amplitude coherence showed a similar trend as the phase coherence, the range was Finally, to study the amount by which coherence can change solely due to amplitude co-
222
variations, we recomputed the coherence after randomizing the phase differences (Equation 5, Figure 1E ). functions of the first kind (Fisher, 1993) , as shown by the black trace in Figure 2A . Appendix that the bias increases by a factor of √2). This explains why once phases are 275 randomized (as in Figure 1E ), coherence depends on the value of amplitude correlation and 276 decreases as amplitude correlation decreases from ~0.8 to ~0. Figure 3A shows the PPC as a function of 306 frequency and distance (as in Figure 1) . PPC values converged to zero at high frequencies,
307
suggesting that phases indeed became random at these frequencies. To directly compare PPC 308 with phase coherence, we plotted PPC versus the square of phase coherence ( Figure 3B ). We 309 observed that these two measures were very similar except when PPC was close to zero, which is 310 due to the positive bias of phase coherence. Note that the bias appears to be much smaller here, 311 but this is simply the effect of squaring. For example, in Figure 1B , the minimum phase using current source density analysis we showed that the similar profiles of phase coherence and 362 amplitude correlations in our dataset could be due to volume conduction effects.
Factors that influence coherence
364
The bias in coherence due to amplitude co-variations has been acknowledged in several reports,
365
and is usually addressed by using the phase coherence (Lachaux et Unfortunately, testing the contribution of SNR on coherence through simulations requires the 396 knowledge of "signal" and "noise" components of the LFP, which is not straightforward to In conclusion, this study shows significant coupling in the amplitudes across sites and 
Amplitude Coherence Asymptote
448
The asymptotic value of ~ 0.78 for the amplitude coherence ( Figure 1C) and .
454
If A and B are uncorrelated (which happens at high frequencies, see Figure 1D ), then In general, if we can put coherence in the format above (in terms of X and Y), the expected value
492
(bias) is simply the standard deviation of X multiplied by . The denominator in Equation 1 is the square root of the sum of the square of amplitudes, i.e.
501
∑ , and therefore is itself a random variable. However, we use the fact that a sum of N 502 independent exponential distributions (each with parameter 1) has a gamma distribution with 503 shape parameter N and rate parameter of 1, for which both mean and variance is N. Therefore, the standard deviation increases only as √ , and the standard error in the mean ( Thus, the standard deviation (and hence the bias) increases by a factor of √2.
Extended Results and Figures
529
Extended Result 1
530
We studied how power and amplitude are distributed across trials. Because both mean and 531 standard deviation of power/amplitude are frequency dependent and follow a '1/f' form, we used 532 the ratio of standard deviation and mean, called the coefficient of variation (CV), for analysis.
533 Figure E1A and E1B shows the CV of power and amplitude, respectively, across trials (black 534 circles with some frequency ranges in different colors). We observed that CV across trials for and Rayleigh distributions, respectively. Interestingly, CV across trials deviated from the 539 theoretical values at certain frequencies, which was more evident for power than amplitude CVs.
540
As shown in Figure E1A , for Monkey 1, power CVs were higher than 1 at 0 Hz (red) and low To investigate these deviations in more detail, we made a scatter plot of the mean versus 551 standard deviation of the power ( Figure E1C ). From Figure E1A it We also plotted a histogram of the power at different frequencies (normalized by the mean so 559 that all distributions had a mean of 1), as shown in Figure E1D . The gray dotted line shows the 560 theoretical exponential distribution and lies on top of the black curve. Frequencies at which the 561 CV was greater than 1 in Figure E1A (red curve at both epochs and magenta curve at stimulus CVs were higher than the theoretical limit could be because of high physiological variability in 578 the signal at those frequencies, although CVs were never much greater than the theoretical limit. 
